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(57) ABSTRACT
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suppressing current leakage of a memory. The memory cell of
the memory has a storage element and a transistor coupled in
series. The invention sets a voltage across the transistor

approaching to zero when the memory 1s not been accessed.
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MEMORY AND METHOD FOR DISSIPATION
CAUSED BY CURRENT LEAKAGE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority of Tatwan Patent Applica-
tion No. 096145894, filed on Dec. 3, 2007, the entirety of
which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a memory, more particularly to a
memory with a current leakage suppressor.

2. Description of the Related Art

FI1G. 1 illustrates the structure of a conventional memory.
Each memory cell 102 includes a storage element 104 and a
transistor 106 that are coupled 1n series. The storage element
may be a phase change storage element. Each bit line BL
relates to a bit line selector 108. The current generator 110 1s
operable to generate a control current I that 1s sent into the
storage elements according to the states of the bit line selec-
tors and the transistors, wherein the states of the transistors
are controlled by word line control signals WLO~WLN. In a
case wherein the storage element 104 1s a phase change ele-
ment, the state of the storage element 104 1s dependent on the

current tlowing therethrough, and may be switched between a
read state, a crystalline state and an amorphous state. The
crystalline state and the amorphous state relate to low 1mped-
ance and high impedance, respectively, and are used to rep-
resent digital value ‘0" and °1°.

In an 1deal case, the control current I should be zero when
the memory 1s not being accessed. However, a small control
current I still flows out from the current generator 110
because of current leakage, and the transistors, such as the
transistor 106, of the memory cells are not completely turned
off because of the current leakage thereof. Thus, although the
memory may not be accessed, power consumption of the
memory may be wasted, and inexorably high.

BRIEF SUMMARY OF THE INVENTION

The mvention discloses memories including a current gen-
erator, a bit line, a memory cell coupled to the bit line, and a
current leakage suppressor. The current generator provides a
control current. The memory cell includes a storage element
and a transistor that are coupled 1n series, wherein the state of
the transistor 1s controlled by a word line signal. When the
transistor and a bit line selector corresponding to the bit line
are turned on, the current generator 1s coupled to the memory
cell to provide a current to tlow through the storage element.
When the memory 1s not being accessed, the current leakage
suppressor forces the voltage across the transistor to be zero
so that the current approaches to zero.

The mvention further provides methods for suppressing
current leakage of a memory. The memory includes at least
one memory cell which includes a storage element and a
transistor coupled 1n series. The methods set the voltage
across the transistor to be zero so that the current approaches
to zero when the memory 1s not being accessed.
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2

The above and other advantages will become more appar-
ent with reference to the following description taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention can be more fully understood by reading the
subsequent detailled description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 1llustrates a conventional memory;

FIG. 2 1llustrates an embodiment of the invention;

FIG. 3 1llustrates another embodiment of the invention; and

FIG. 4 1s a flowchart illustrating an embodiment of the
method of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The following description shows some embodiments car-
rying out the invention. This description 1s made for the
purpose of 1llustrating the general principles of the invention
and should not be taken 1n a limiting sense. The scope of the
invention 1s best determined by reference to the appended
claims.

FIG. 2 illustrates an embodiment of the memory of the
invention. A memory cell 202 includes a storage element 204
and a transistor 206 that are coupled 1n series. The transistor
206 1s controlled by a word line signal WL0. A current gen-
erator 208 generates a control current I, which flows through
the storage element 204 to control the state of the storage
clement 204 when a bit line selector 210 and the transistor 206
are turned on. A current leakage suppressor 212 1s operable to
suppress the power consumption caused by current leakage.
When the memory 1s not being accessed, the current leakage
suppressor 212 forces the voltage V (across the transistor 206)
to approach zero so that the current approaches to zero.

In this embodiment of FIG. 2, the transistor 206 1s realized
by an NMOS and the voltage V 1s the voltage difference
between its drain and source. Because an NMOS almost
blocks all current when the voltage difference between its
drain and source approaches to near zero, almost no current
leakage exists 1n the transistor 206 when the current leakage
suppressor 212 forces the voltage V to be zero. Thus, the
power dissipation caused by current leakage 1s efficiently
suppressed when the memory 1s not being accessed.

The transistor 206 includes a first terminal and a second
terminal which are the drain and source of the NMOS, respec-
tively. In this embodiment shown in FIG. 2, the second ter-
minal of the transistor 206 1s coupled to a first ground.
According to the status of the memory, the current leakage
suppressor 212 couples a power supply input terminal of the
current generator 208 to a voltage source V ,,, or a second
ground GND. When the memory 1s being accessed, the cur-
rent leakage suppressor 212 couples the power supply input
terminal of the current generator 208 to the voltage source
V5, 50 that the current generator 208 works normally to
generate the control current I. When the memory 1s not being
accessed, the current leakage suppressor 212 couples the
power supply input terminal of the current generator 208 to
the second ground GND, so that the voltage level of the first
terminal of the transistor 206 1s forced to approach zero volt
and the voltage V across the transistor 206 1s forced to
approach zero. Thus, the transistor 206 blocks all current,
including current leakage when the memory 1s not being
accessed, and the power dissipation caused by current leak-
age 1s successiully reduced.

Referring to FIG. 2, the current leakage suppressor 212
includes an mverter 214, a first transmission gate 216 and a
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second transmission gate 218. The inverter 214 1s operable to
receive an enable signal EN and to output an opposite phase
signal of the enable signal EN. The first transmission gate 216
1s coupled between the second ground GND and the power
supply mput terminal of the current generator 208, and has a
first control terminal coupled to the mput terminal of the
inverter 214 to recerve the enable signal EN, and has a second
control terminal coupled to the output terminal of the inverter
214 (via terminal t,) to receive the opposite signal of the
enable signal EN. The second transistor 1s coupled between
the voltage source V ,,, and the power supply input terminal
of the current generator 208, and has a first control terminal
coupled to the output terminal of the mverter 214 (via termi-
nal t,) to receive the opposite signal of the enable signal EN,
and has a second control terminal coupled to the mput termi-
nal of the inverter 214 to receive the enable signal EN. In this
case, the enable signal EN 1s at a high voltage level when the
memory 1s being accessed, and at a low voltage level other-
wise. Thus, when the memory 1s being accessed (the enable
signal EN 1s high), the first transmission gate 216 1s turned off
and the second transmission gate 218 1s turned on so that the
voltage source V,, 1s coupled to the power supply input
terminal of the current generator 208 for generating the con-
trol current I. When the memory 1s not being accessed (the
enable signal EN 1s low), the first transmission gate 216 1s
turned on and the second transmission gate 218 1s turned off,
so that the power supply input terminal of the current genera-
tor 208 1s coupled to the second ground GND and the voltages
across the transistors (such as V of 206) of the memory cells
are forced to approach zero. Thus, when the memory 1s not
being accessed, the current leakage i1s successtully sup-
pressed. The reduced current leakage results in low power
consumption of the memory.

The current leakage suppressor 212 may be realized by
other circuits which couples the power supply input terminal
of the current generator 208 to a voltage level equal to that of
the second terminal of the transistor 206 when the memory 1s
not being accessed. The memory cells (such as 202), current
generator 208 and bit line selectors (such as 210) may be
replaced by other equivalent circuits.

FIG. 3 illustrates another embodiment of the invention,
wherein the current leakage suppressor 1s realized by circuit
302. The current leakage suppressor 302 i1s coupled to a
connection terminal (t,) located between the current genera-
tor 208 and the bit lines (such as BL) of the memory. When the
memory 1s not being accessed, the current leakage suppressor
302 1s turned on to couple the connection terminal t, to a third
ground GND. Thus, the voltages across of the transistors
(such as V 01 206) are forced to approach zero and almost no
current 1s allowed to flow 1nto the memory cells (such as 202).
The current leakage 1s successiully suppressed when the
memory 1s not being accessed.

In the embodiment of FIG. 3, the current leakage suppres-
sor 302 1s realized by an NMOS 304, wherein the drain and
source are coupled to the connection terminal t, and the third
ground GND, respectively. The gate of the NMOS 304
receives an enable signal EN, which 1s a low voltage signal
when the memory 1s being accessed and 1s a high voltage
signal when the memory 1s not being accessed. Thus, when
the memory 1s being accessed, the low voltage enable signal
EN turns oif the NMOS 304 and the current generator 208
works normally to supply a control current 1. Alternatively,
when the memory 1s not being accessed, the high voltage
enable signal EN turns on the NMOS 304 and the connection
terminal t, 1s coupled to the third ground GND, so that the
transistors of the memory cells all have a near zero. Thus,
current leakage 1s successtully suppressed when the memory
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1s not being accessed. The reduced current leakage results 1n
low power consumption of the memory.

The current leakage suppressor 302 may be realized by
other circuit which couples a connection terminal, located
between the current generator 208 and the bit lines (such as
BL), to a voltage level equal to that of the second terminal of
the transistor 206 when the memory 1s not being accessed.
The memory cells (suchas 202), current generator 208 and bit
selectors (such as 210) may be replaced by other equivalent
circuits.

The storage elements (such as 204) may be phase change
storage element or any other storage elements.

The mvention further discloses methods for suppressing
current leakage of a memory. The memory includes at least
one memory cell which includes a transistor and a storage
clement that are coupled 1n series. The transistor 1s controlled
by a word line signal to conduct current through the storage
clement. FIG. 4 1s a flowchart of an embodiment of the inven-
tion. Step S402 determines whether the memory 1s being
accessed. When the memory 1s not being accessed, the pro-
cess enters step S404 to force the voltage across the transistor
to approach zero. The methods successtully suppress the
current leakage when the memory 1s not being accessed since
the transistor can efficiently block the current leakage when
the voltage across 1t approaches zero. The reduced current
leakage results 1n low power consumption of the memory.

While the invention has been described by way of example
and 1n terms of preferred embodiment, it 1s to be understood
that the invention 1s not limited thereto. To the contrary, 1t 1s
intended to cover various modifications and similar arrange-
ments (as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be
accorded to the broadest interpretation so as to encompass all
such modifications and similar arrangements.

What 1s claimed 1s:
1. A memory, comprising:
a current generator, generating a control current;

at least one bit line, coupled or dis-coupled to the current
generator by a bit line selector;

at least one memory cell, coupled to the bit line and com-
prising a transistor and a storage element that are
coupled 1n series, wherein the transistor 1s turned on or
off by a word line signal and the storage element is
switched between a plurality of states according to cur-
rent flowing therethrough; and

a current leakage suppressor, comprising:

an inverter, having an mput terminal receiving an enable
signal and an output terminal outputting an opposite
phase signal of the enable signal;

a first transmission gate, coupled between a ground and
the power supply input terminal of the current source,
and having a first control terminal and a second con-
trol terminal coupled to the input and output terminals
of the mverter, respectively; and

a second transmission gate, coupled between the voltage
source and the power supply input terminal of the
current source, and having a first control terminal and
a second control terminal coupled to the output ter-
minal and the input terminal of the 1verter, respec-
tively.

2. The memory as claimed in claim 1, wherein the transis-
tor comprises a {irst terminal and a second terminal and the
first terminal 1s coupled to the bit line.

3. The memory as claimed in claim 2, wherein the second
terminal of the transistor 1s coupled to the ground.
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4. The memory as claimed 1n claim 3, wherein the current
leakage suppressor couples the current generator to a voltage
source or the ground.

5. The memory as claimed 1n claim 4, wherein the current
leakage suppressor 1s operable to couple a power supply 1nput
terminal of the current generator to the voltage source when
the memory 1s being accessed, and couple the power supply
input terminal of the current generator to the ground when the
memory 1s not being accessed.

6. A memory, comprising:
a current generator, generating a control current;

at least one bit line, coupled or dis-coupled to the current
generator by a bit line selector;

at least one memory cell, coupled to the bit line and com-
prising a transistor and a storage element that are
coupled 1n series, wherein the transistor 1s turned on or
off by a word line signal and the storage element is
switched between a plurality of states according to cur-
rent flowing therethrough; and

a current leakage suppressor, coupling an output terminal
of the current generator to a ground when the memory 1s
not being accessed,

wherein the current leakage suppressor comprises a tran-
sistor comprising a first terminal, a second terminal and
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a control terminal coupled to the output terminal of the
current generator, the ground and an enable signal,
respectively, wherein the enable signal enables the tran-
sistor when the memory 1s not being accessed and dis-
ables the transistor when the memory 1s being accessed.

7. The memory as claimed 1n claim 1, wherein the storage
clement 1s phase change storage element.

8. The memory as claimed in claim 6, wherein the transis-
tor comprises a first terminal and a second terminal and the
first terminal 1s coupled to the bit line.

9. The memory as claimed in claim 8, wherein the second
terminal of the transistor 1s coupled to the ground.

10. The memory as claimed 1n claim 9, wherein the current
leakage suppressor couples the current generator to a voltage
source or the ground.

11. The memory as claimed 1n claim 10, wherein the cur-
rent leakage suppressor 1s operable to couple a power supply
input terminal of the current generator to the voltage source
when the memory 1s being accessed, and couple the power
supply mput terminal of the current generator to the ground
when the memory 1s not being accessed.

12. The memory as claimed 1n claim 6, wherein the storage
clement 1s phase change storage element.
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